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In a molecular epidemiological study of DNA repair, host reactivation assay was used to measure the DNA repair capacity of cryopreserved lymphocytes from 88 primary basal cell carcinoma (BCC) patients and 135 cancer-free controls.
In disease and 135 matched controls (7). We aimed to extend these studies to examine the relation of DRC to the risk of skin cancer patients. for a biological system in which the extent of the shoulder delineates the saturation point of the repair system, after which a first-order rate of decline is observed. A 5% decrease along this "region of repair" is the guiding requirement in designing this assay procedure.
QuantitativeConsiderations inEstablishing

Assays of DRC
According to random statistical considerations of dosimetry in photobiology, D37 is the theoretical dose required for a single inactivating hit (9). This is further reflected in our expectations of the distribution of DRC in various populations (Fig. 2) . In this idealized distribution curve, the differences between individuals would be reflected in the lower 5% of the normal distribution curve for the general popula- CAT activity ata UV dose of 700 J/m2 measured by scintillation countingof radioactivity was standardized by CAT activity at zero LJVdose. One frozen 30-mL sample of peripheral blood from each individual was assayed at At a UV dose of 700 J/m2, the residual DRCs for both cases and controls, relative to zero dose, were 3-15% (Fig. 6) (7) , figures that may be subject to the age effect. The mean DRC of all BCC cases (n = 88) is 5% lower than that of all controls (n = 135) and is of borderline significance (P = 0.103). This difference is as high as 8% and statistically significant (P = 0.047) when the controls with family history and premalignant skin lesions are removed from comparison. In addition,
we found that individuals with a DNA repair level below the 30th percentile of the controls had a greater than twofold increased risk for BCC (odds ratio, 2.3; 95% confidence interval, 1.2-4.5; adjusted for age) (13).
Effect of Age on DRC
The DRC of subjects declined with age after the 20-to 60-year span studied.
This age-related decline (apoptosis) occurred in both patients and controls, although it reached significant decline only in the controls ( Fig. 7 ; Table 2 , models 1 and 2). In the 106 controls, who had no family history of skin cancer or premalignant skin lesions, the decline was 0.63%/year between ages 20 and 60 years ( The DRC5 of 6CC patients were generally lower than those of the controls.
Reprinted from Wei etal. (13) withpermissionofCancer Research. and epidermal cells (24) from blood donors, especially in the aged. These findings are consistent with the age-related decline in DRC observed in this study.
As in the XP model, BCC patients with their first skin cancer at an early age repair DNA photoproducts poorly compared with controls or with subjects expressing BCC at a later age of onset. This suggests that poor DNA repair is associated with precocious aging. After adjustment for age at onset, the age-related decline in the repair of UV damage among the XP patients was at least as sharp as that of controls; after controlling for current age, the age of onset of BCC was positively correlated with DNA repair (Table 2 , model 3) (7).
Family History
Several findings suggest that the early age of onset of skin cancer and the reduction of DRC have familial links. Control subjects with a family history of BCC or with actinic keratosis had low DNA repair values, similar to those of the patients.
After removal of these positive controls, the overall difference in DNA repair between cases and controls was statistically significant (P = 0.047) (Table 1) (7) .
Among patients ages 20-44 years having BCC (a = 38), -45% had a family history of BCC, whereas only 10% of those patients who had BCC at ages 55-60 years (n = 21) had a similar history. This trend was statistically significant (P = 0.022) (Table 3 ) (7). In contrast, only 16% of controls (n = 135) had a previous skin cancer history.
These findings support the influence of heredity in the early onset of BCC. In this study population, after adjustment for age and sex, prior family history of BCC is a statistically significant (P = 0.055) indicator of the individuals' DRC regardless of whether they were BCC patients or control subjects (Table 2 , model 4) (7). This suggests that an alteration in the genes regulating DNA repair may be responsible for the onset of BCC in younger subjects. The occurrence of BCC in the aged, however, may be the result of cumulative unrepaired photoproducts from excessive sunlight exposure.
Multiplicity of Tumors
To evaluate the relation between DRC and multiplicity of BCCs, we used multiple linear regression models to correlate DRC with the number of skin cancers (13). The lower the DRC, the greater the number of skin tumors in individuals (P <0.05) after adjustment for age (Fig. 8) . Further, family history of skin cancers was more likely reported in those patients with multiple BCCs (Fig. 9) . These findings are consistent with the tendency of genetically determined low DRCs to be associated with a multiplicity of skin tumors as seen in XP patients (2) .
Sunlight Exposure
A fundamental question is whether the genotoxicant-DNA repair paradigm of XP reflects the carcinogenic response of individuals who have relatively marginal reduction in DRC but who have oversaturated this capacity with excessive sunlight exposure. In those subjects who had six or more severe sunburns (blistering) in their lifetime, the DRC is 15% lower in cases than in controls.
Any of the measures of exposure affecting skin susceptibility to sunlight exposure such poor tanning ability, or tendency to burn showed the same difference. The difference in the subjects with sunburns is caused not only by the low DNA repair in BCC cases but also by the higher DNA repair level in controls. These data suggest that if subjects are exposed to the genotoxicity of environmental UV light at doses that cause skin trauma, then individuals with poor DRC are likely to develop skin cancer, whereas those with high repair capacity are spared. This interactive effect between DNA repair levels and UV exposure is shown in Figs.  10 and 11 . If the population is divided into high and low repair according to the median value for the controls, then the estimated risk of skin cancer after excessive sunlight exposure is almost 5 times higher in subjects with low repair and 1.9 times higher in those with high repair (7). 
Discussion
The impact of reduced DNA repair on the risk of BCC is great. Reduced host DRC is a susceptibility factor that is, additionally, linked to a family history of BCC. The risk of BCC, as a consequence of excessive sunlight exposure and low DNA repair, is greatly increased.
Other studies have suggested changes in DNA repair of skin cancer patients.
In The present study represents an important advance. The use of the CAT assay to measure DNA repair does not require that the host cell be damaged, which may compromise the endogenous repair mechanisms. Instead, the cell repairs the UV-damaged plasmid with which it has been transfected.
In addition, the study population is large and concentrates on skin cancer in young individuals in whom the disease is rare and in whom the effects of any risk factors can be maximized.
The study contributes new information dealing with Table 4 . Effect of oral contraceptive (OC) and estrogen use on host DNA repair ca pacity (mean ± SD).
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